. However, there are very few reports about the content and the composition of nucleotides in human milk (14) (15) (16) .
In general, it is said that part of orally administered nucleotides is broken down into nucleosides and absorbed from the intestines. Also it has been reported that nucleosides may participate in the differentiation of intestinal cells (17) . These fi ndings suggest that dietary nucleosides, along with nucleotides, may play some kind of role in infants. The present study was undertaken to identify and characterize the content of nucleotides and nucleosides in human milk. For this purpose, we developed a new analysis method using high performance liquid chromatography together with an ion-paired system. With this method, nucleotides and nucleosides can be analyzed simultaneously. Appropriate standards were used to establish the retention time of each nucleotide and nucleoside. Quantification was achieved for peak area vs. amounts of nucleotide and nucleoside standard injected. The amounts of standards were corrected for their water content.
MATERIALS AND METHODS

Human
Chemicals. Nucleotides and nucleosides for the standards were purchased from Yamasa Co. (Chiba, Japan). All other chemicals were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan) and Kanto Chemical Co. Inc.
(Tokyo, Japan). Solvents were of HPLC grade and all other chemicals were of analytical grade.
RESULTS
The elution profile of the mixture of standard nucleotides is shown in Fig. 1 . Nucleoside monophosphates are eluted earlier than the corresponding nucleoside di-, and triphosphates.
As for pyrimidine and purine nucleotides, pyrimidine nucleotides are eluted earlier than purine nucleotides in the following order: cytidine nucleotide, uridine nucleotide, adenosine nucleotide, guanosine nucleotide and inosine nucleotide.
Although not shown in the chromatogram, 5 kinds of nucleosides, cytidine, uridine, adenosine, guanosine, and inosine were also identi fi ed. The peak areas of these nucleotides and nucleosides are in linear relation with amount injected in a range between 0.01 and 15nmol.
In the elution profile of human milk (Fig.  2) , cytidine, uridine, adenosine, 
DISCUSSION
During the last decade, it has been indicated that dietary nucleotides may play some physiologically important role especially in infants (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . In addition to nucleotides, it has been recently suggested that dietary nucleosides may also participate in the differentiation of intestinal cells (17) . However, there have been very few reports about the content of nucleotides in human milk. Kobata et al. were the first to determine the content of nucleotides in human and bovine milk (14) . They used ion-exchange chromatography and paper electrophoresis to isolate each nucleotide. Because of the low sensitivity of the method, they needed two liters of milk, and could not analyze the changes in composition during lactation.
Gil and Sanchez-Medina determined the changes of nucleotide content during lactation using an enzymatic method (15) . Although this method is highly sensitive for each nucleotide, to obtain a complete profile of nucleotides a large amount of milk is needed, and the procedure is rather cumbersome. They were able to determine the content of only nucleoside monophosphates and UDP-derivatives.
Janas and Picciano analyzed nucleotides with HPLC (16) . Although they determined the content of 9 nucleotides, they did not mention about nucleosides.
In general, it is said that part of dietary nucleotide and/or nucleic acid is broken down to nucleosides and absorbed from the intestinal tract. This means that nucleosides, along with nucleotides, may also play some important roles for the physiology of infants. However, there is no report about nucleosides in human milk.
Only our newly developed method allowed us to analyze 13 kinds of nucleo tides and 5 kinds of nucleosides simultaneously. Moreover, for this method we need only 5 ml of milk, and it is easy to prepare the sample for the analyses.
Although all the tissues in the body can synthesize nucleotides de novo, it requires many steps and much energy. It should be a great load for infants. Also some physiological roles of dietary nucleotides have been reported (2) (3) (4) (5) (6) (7) (8) (9) (10) . So, it is quite reasonable to provide infant nucleotide and/or nucleoside from milk.
Results presented in Table 1 It is known that food and dietary habits affect some components of human milk, such as fatty acid composition (18). The results presented in Table 2 suggest that there may be geographical differences in nucleoside and cytidine nucleotide content of human milk. This suggests that food and/or dietary habits affect the nucleotides and nucleosides in human milk. To clarify the geographical differences and the effect of food on nucleotides and nucleosides in human milk, we need more information about the differences of dietary habits in various areas in Japan. Also, the fate of dietary nucleotide absorbed from intestine needs to be clarified. Bovine milk and bovine milk-based infant formula contained much less nucle otides and nucleosides than human milk. However, it contained a large amount of orotic acid which is a precursor of cytidine monophosphate.
These results suggest that nucleotides and nucleosides in human milk may play some important role on the development of infants. Of course, the physiological role of nucleotides and/or nucleosides in human milk should be examined further. 
